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We investigated 109 patients who received anterior temporal lobectomy for intractable mTLE by post-operative follow-up for
at least 11/2 years. We reviewed pre-operative 2-hour interictal EEGs, counted interictal epileptiform discharges (IEDs), and
compared the lateralization of IEDs with the side of surgery and surgical outcome. Twenty of 22 patients who had no spikes and
44 of 51 who had unitemporal spikes became seizure free after surgical resection. The correct lateralization of the epileptogenic
side was possible in 90.9% of the patients with unitemporal IEDs. In 12 seizure-free patients of 15 patients with less than
70% predominance of IED in one temporal lobe, the positive predictive value of the lateralization was 41.7%. In 16 seizure-
free patients of 21 with more than 70% preponderance of IED in one lobe, the positive predictive value was 81.3%. Surgical
outcome of patients with unitemporal and bitemporal IEDs were not significantly different. Interictal scalp EEG can be used
as a lateralizing tool in mTLE when the temporal IEDs appear with more than 70% preponderance in one side. Although the
presence of bitemporal IEDs often causes confusion in terms of the correct lateralization, it does not affect the surgical outcome.
c© 2000 BEA Trading Ltd
Key words: interictal; spikes; mTLE; surgery; lateralization; prognosis.
INTRODUCTION
Scalp interictal electroencephalography (EEG) is a
cheap, convenient and non-invasive technique, and it
is widely used to detect epileptiform discharges. It is
also often the first study used to diagnose epilepsy,
including medial temporal lobe epilepsy (mTLE). The
value of interictal EEG as a pre-operative study in
mTLE has been investigated so far but results to date
have been inconclusive. Prior studies have shown that
the laterality of interictal epileptiform discharges cor-
related well with the location of the seizure origin
or good surgical outcome1–4. However, other reports
showed that up to fifty percent of refractory mTLE
had bitemporal independent IEDs, with or without
predominant lateralization5–10. It was also suggested
that temporal lobectomy was as effective in control-
ling seizure among patients with temporal spikes and
generalized spike-and-waves as among patients ex-
hibiting temporal spikes only11.
In this study we tried to reveal the lateralizing value
and the prognostic significance of a single 2-hour EEG
in mTLE.
MATERIALS AND METHODS
Patient selection
We reviewed scalp interictal EEGs of mTLE patients
who underwent standard anterior temporal lobec-
tomy (ATL) between March 1994 and July 1997 in
Seoul National University Hospital. Operative deci-
sion was made by standard pre-surgical evaluation
including brain MRI, FDG-PET, ictal EEG, and ic-
tal SPECT if possible. Patients were diagnosed with
mTLE in this study if: (1) there was hippocampal scle-
rosis on the brain MRI and the anterior temporal ic-
tal onset was identified during video-EEG monitoring;
or (2) the brain MRI was normal, but invasive study
with intracranial electrodes confirmed massive and ex-
clusive mesial temporal onset. Patients with space-
occupying lesions identified by MRI were excluded.
One hundred and nine patients were enrolled in this
study. The mean age was 28.4 years: 66 were men and
43 were women. The patients were followed up for
more than 1 1/2 years.
1059–1311/00/050336 + 04 $35.00/0 c© 2000 BEA Trading Ltd
The prognostic value of a single 2-hour EEG in mesial TLE 337
Recording and analysis of scalp interictal EEG
All patients had a single 2-hour digital EEG (Voyageur
system, Nicolet, USA) recording pre-operatively.
Electrodes were applied according to the 10–20 In-
ternational Electrode System and two anterior tempo-
ral electrodes were added. Owing to almost all of the
patients being sleep deprived before recordings, most
of the EEGs included the sleep portion. Bipolar and
referential montages were utilized to investigate the
origin of interictal spikes and sharp waves (interictal
epileptiform discharges, IEDs). Temporal IED was de-
fined as having phase reversal on anterior (T1 and T2)
or middle temporal electrodes (T3, T4).
The patterns of IEDs were categorized as unitem-
poral, bitemporal, and ‘spike free’. The patients with
unitemporal IEDs had their spikes or sharp waves
only in one temporal lobe. Patients with bitemporal
IEDs had their IEDs in the bilateral temporal lobe,
independently or bisynchronously, and patients in the
‘spike-free’ group had no detectable IEDs during the
interictal EEG recordings.
The lateralizing value was calculated by comparing
the lateralization of IEDs with the site of surgical re-
section only in post-operatively seizure-free patients.
The prognostic value was obtained using the per-
centage of seizure-free patients in each pattern of
IEDs. The chi-squared test was used to determine sta-
tistical significance.
RESULTS
In scalp interictal recordings, 22 patients showed no
IEDs at all. As shown in Table 1, 51 patients revealed
unitemporal IEDs (25 right, 26 left). The other 36
patients had bitemporal IEDs. The patients with bitem-
poral IEDs were divided into two subgroups, ac-
cording to the degree of lateralization of the IEDs:
50–70% of interictal spikes occurred in one hemi-
sphere in 15 patients (the ‘50–70’ spike group) and
more than 70% of IEDs in one temporal lobe were ob-
served in 21 patients (the ‘more-than-70’ spike group).
Twenty of 22 patients who had no spikes and 44 of
51 who had unitemporal spikes became seizure free af-
ter surgical resection of a temporal lobe. Twelve of 15
in the ‘50–70’ spike group and 16 of 21 in the ‘more-
than-70’ spike group were also seizure free after
resection. The difference in seizure-free rates among
these groups was not statistically significant (Table 1)
(P = 0.36).
To investigate the accuracy of the lateralization we
compared the lateralizing side of IEDs with the side
of surgical resection in those patients who had been
seizure-free post-operatively. Correct lateralization of
the epileptogenic foci was possible only in 41.7%
of the 12 seizure-free subjects in the ‘50–70 spike’
group, this in fact proved to be the case in 81.3% (13
cases) of the 16 seizure-free patients in the ‘more-
than-70’ spike group. The ‘unitemporal’ IED group
was found to have a lateralizing value of 90.9% (40
out of 44 seizure-free cases). These values of the
‘unitemporal’ and the ‘more-than-70 spike’ groups
were significantly different from those of the ‘50-to-
70 spike’ group (P = 0.001). Correct lateralization of
the epileptogenic foci between ‘unitemporal’ and the
‘more-than-70’ spike groups was not statistically dif-
ferent.
DISCUSSION
Several studies have demonstrated that a strongly lat-
eralized predominance of anterior temporal spikes cor-
relates with the localization of EEG seizure onset or
good surgical outcome. Blume et al.2 analysed the
lateralizing value of scalp interictal EEG by com-
paring it with ictal EEG. In that study, 99 of 104
patients showed lateralized temporal spikes and 77
of 80 patients with spike ratios ≥3 had exclusively
ipsilateral-originating temporal lobe seizures. Chung
et al.1 reported that 29 of 32 seizure-free patients had
unitemporal or at least more than 80% of interictal
spikes in one temporal lobe. In our study, we analysed
the lateralizing value by comparison with the resection
side of seizure-free patients. Among 92 seizure-free
patients 20 had no spikes, 44 had unitemporal spikes,
12 had ‘50–70’ spikes laterality and 16 had ‘more-
than-70’ spikes laterality. Our results revealed that
scalp interictal EEG can be more variable in mTLE,
even in the patients with excellent surgical outcome.
Gilliam et al.4 concluded that the combination of
concordant MRI and interictal scalp EEG was as-
sociated significantly with seizure cessation following
anterior temporal lobectomy. Hufnagel et al.3 reported
that only 40–56% of patients with unilateral temporal
seizure onset and bitemporal IED became seizure free,
irrespective of the degree of lateralization of the IED.
In our study, the prognosis was not significantly differ-
ent between the four subgroups of scalp interictal EEG
patterns. Our data shows that scalp IEDs detected by
a single EEG alone cannot predict surgical outcome.
Interestingly, 4 of 44 ‘unitemporal’ spike patients with
seizure-free outcome showed only contralateral inter-
ictal IEDs.
The distribution of IEDs defines the irritative
zone12. This area can coincide with the epileptogenic
zone or the area of ictal onset, but this hypothesis can-
not be applied in many cases. Up to 50 percent of re-
fractory mTLE showed bitemporal independent IEDs,
with or without predominant lateralization5–10. More-
over, IED in mTLE can falsely lateralize a temporal
lobe focus in 20 percent of cases13.
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Table 1: The prognostic value of scalp interictal EEG according to the distribution of interictal epileptiform discharges.
IED distribution
Surgical outcome Nonea Unitemporalb 50–70c More-than-70d
Total patients 22 51 15 21
Seizure-free 20 44 12 16
Seizure-persistent 2 7 3 5
Seizure-free rate (%) 90.9 86.3 80.0 76.2
a Patients who had no IED; b patients who had only unitemporal IEDs; c patients who had bitemporal interictal spikes, 50–70% of which
occurred in one hemisphere; d patients who had bitemporal interictal spikes, more than 70% of which occurred in one hemisphere.
The presence of bilateral IEDs may be explained
by two hypotheses. Available data from autopsy and
surgical studies suggest that patients with chronic
TLE frequently have bilateral hippocampal damage al-
though it is usually asymmetric14–16. Bilateral IEDs
may mean bilateral damage of the hippocampus. Re-
cent studies using magnetic resonance spectroscopy
also confirmed this finding17, 18. Poor surgical
outcome of patients with bitemporal IEDs can be
explained by the presence of a residual potential
epileptogenic focus.
Secondary epileptogenesis has been mentioned in
animal experiments and humans19–21. In many animal
studies, some interval after kindling the primary fo-
cus, a second epileptogenic lesion occurred. The idea
is that the secondary epileptogenic focus itself eventu-
ally triggers epileptic seizures independent of the pri-
mary focus. Morrell20 identified several patients with
focal neoplasm, which he interpreted as the etiologic
appearance of the primary epileptic focus, however,
they later developed a second focus with no other eti-
ology evident. Contralateral IED may be derived from
this secondary epileptogenesis. In this situation, resec-
tive surgery of one temporal lobe as the primary focus
also renders the possible secondary epileptogenic fo-
cus and leads to the poor surgical outcome. However,
proving the presence of this kind of secondary epilep-
togenesis is very difficult in humans. Previous reports
have stated that removal of the primary focus can lead
to freedom from seizure20–22.
As mentioned previously, hippocampal sclerosis can
be bilateral in mTLE. However, if bilateral damage ex-
ists, one side usually shows as the pattern typical of
hippocampal sclerosis and the other only mild neu-
ronal loss23. As a result, the possibility that the hip-
pocampus with mild neuronal loss can become a new
epileptogenic focus after the surgical resection of typ-
ical hippocampal sclerosis seems to be low.
A limitation of this study was caused by the use of
the relatively short recording time of 2 hours. Some
patients may be observed to have interictal epilep-
tiform discharges only during long-term monitoring,
therefore, it is possible that our routine EEG findings
might have been discordant with the long-term EEG
in some patients. However, our data demonstrate that
bitemporal IEDs found during routine EEG recordings
was not an uncommon finding and furthermore, this
might not be a poor prognostic indicator.
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